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@ Transparent liquid absorbent materials. 



@ This Invention, relates to transparent materials that are capable of absorbing liquids and more 
particularly, to materials that can be used as ink-receptive layers for transparent imageable materials 
Transparent materials that are capable of absorbing significant quantities of liquid, while maintaining 
some degree of durability and transparency, are useful in contact lenses, priming layers for aqueous 
coatings, fog-resistant coatings, and transparent Imageable materials for use In mechanized Ink 
depositing devices, such as pen plotters and ink-jet printers. Compositions useful as transparent liquid 
absorbent materials have been formed by blending a liquid-insoluble polymeric material with a 
liquid-soluble polymeric material. A problem that frequently arises in the formulation of polymer blends 
is the incompatibility of the polymers being blended. When attempts are made to blend polymers that 
are incompatible, phase separation occurs, resulting in haze, lack of transparency, and other forms of 
nonhomogeneity. This invention provides crosslinked polymeric compositions capable of forming 
continuous matnces for liquid absorbent, semi-interpenetrating polymer networks. These networks are 
blends of polymers wherein at least one of the polymeric components is crosslinked after blending to 
form a continuous network throughout the bulk of the material, and through which the uncrosslinked 
polymeric components are intertwined in such a way as to form a macroscopically homogeneous 
composition. The compositions of this invention can be used to form durable, ink absorbent 
transparent graphical materials. . * 
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Background of the Invention 



1 , Field of the Invention 



This invention relates to transparent materials that are capable of absorbing liquids, and, more particularly, 
to materials that can be used as ink-receptive layers for transparent imageable materials. 



2. Discussion of the Art 



Transparent materials that are capable of absorbing significant quantities of liquid, while maintaining some 
degree of durability and transparency, are useful in contact lenses, priming layers for aqueous coatings, fog- 
resistant coatings, and transparent imageable materials for use in mechanized Ink depositing devices, such 
as pen plotters and ink-jet printers. Transparent imageable materials are used as overlays in technical drawings 
and as transparencies for overhead projection. It is desirable that the surface of liquid absorbent materials for 
use in transparent graphical applications be tack free to the touch even after absorption of significant quantities 
of ink. 

During normal use of pen plotters and ink-jet printers, the inks used in such machines are exposed to open 
air for long periods of time prior to imaging. However, even after such exposure to air, the ink must still function 
in an acceptable manner, without deterioration, and. in particular, without loss of solvent. In order to meet this 
requirement, ink formulations typically utilize solvents of very low volatility, such as water, ethylene glycol, pro- 
pylene glycol, and other like solvents. Inks such as these, which contain water and water-miscible solvents 
will hereinafter be called aqueous inks, and the solvents used therein will hereinafter be called aqueous liquids! 
Materials that are receptive to aqueous liquids will hereinafter be called hydrophilic compositions. 

Because of the low volatility of aqueous solvents, image drying by means of evaporation Is very limited. In 
the case of imaging onto paper, a signrficantamount of the solvent diffuses into the sheet Because of the fibrous 
nature of paper, drying by diffusion occurs very rapidly, and the surface appears dry to the touch within a very 
short time. In the case of imaging onto polymeric film, some means of absorbing aqueous solvents is needed 
if satisfactory image drying is to occur. 

Compositions useful as transparent liquid absorbent materials have been formed by blending a liquid- 
insoluble polymeric material with a liquid-soluble polymeric material. The liquid-insoluble material is presumed 
to form a matrix, within which the liquid soluble material resides. Examples of such blends are the transparent 
waterabsorbent polymeric materials disclosed in U.S. Patent Nos. 4,300,820 and 4,369,229. wherein the matrix 
forming polymer is a terpolymer comprised of hydrophobic monomelic units, hydrophilic monomeric units, and 
acid-containing monomeric units, with the water-soluble portions of the compositions being polyvinyl lactams. 

Other examples of blends comprising water-soluble and water-Insoluble polymeric compositions are dis^ 
closed in European Patent Application Mo. BP 0 233 703, wherein water-insoluble acrylic polymers having acid 
functionality are blended with polyvinyl pyrrolldone for use as Ink-receptive layers on films to be imaged by Ink- 
Jet printers or pen plotters. 

A problem that frequently arises in the formulation of polymer blends is the incompatibility of the polymers 
being blended. It is well-known that polymeric materials having widely differing properties generally tend to be 
incompatible with one another. When attempts are made to blend polymers that are incompatible, phase sepa- 
ration occurs, resulting in haze, lack of transparency, and other forms of nonhomogeneity. 

Compatibility between two or more polymers in a blend can often be improved by incorporating into the 
liquid-insoluble matrix-forming polymer chains monomeric units that exhibit some affinity for the liquid-soluble 
polymer. Polymeric materials having even a small amount of acid functionality, as in the patents cited previ- 
ously, are more likely to exhibit compatibility with polyvinyl lactams. Generally, the compatibility of polymers 
being blended is improved if the polymers are capable of hydrogen bonding to one another. 

A second form of incompatibility noted in using blends of liquid-absorbent polymers is the incompatibility 
of the matrixfonming insoluble polymer with the liquid being absorbed. For example, if the liquid being absorbed 
is water, and if the water-insoluble polymers are hydrophobic, some inhibition of water absorption ability can 
be expected. One method of overcoming this difficulty is to utilize hydrophilic matrix polymers that are not water 
soluble at the temperatures at which they are to be used, though they may be water soluble at a different tem- 
perature. In U.S. Patent No. 4,503,111, ink-receptive coatings comprising either polyvinyl alcohol or gelatin 
blended w.th polyvinyl pyrrolidone are disclosed. Both polyvinyl alcohol and gelatin, being water-insoluble at 
room temperature, are able to act as matrix forming polymers for these coatings, and the coatings are quite 
receptive to aqueous inks. However, the coatings do exhibit a tendency to become tacky, either because of 
imaging, or because of high humidity. 

It therefore becomes clear that while blende of soluble and insoluble polymers may be useful as liquid 
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absorbent compositions, they suffer major limitations in liquid absorption ability and in durability. 
Summary of the Invention 



This invention provides a liquid-absorbent composition comprising (a) a polymeric matrix component com- 
prising crossiinked tertiary amino moieties, and (b) a liquid-absorbent component comprising a water-absorbent 
polymer, preferably a water-soluble polymer. This composition Is capable of forming liquid-absorbent, seml- 
Interpenetratlng polymeric networks, hereinafter called SIPNs. The SIPNs disclosed herein are polymeric 
blends wherein at least one of the polymeric components is crossiinked after blending to form a continuous 
network throughout the bulk of the material, and through which the uncrossllnked polymeric components are 
intertwined in such a way as to form a macroscopically homogeneous composition. It has been found that SIPNs 
of this invention are capable of absorbing significant quantities of those liquids that are solvents for the 
uncrosslinked portion of the SIPN without loss of physical integrity and without leaching or other forms of phase 
separation. In cases where the SIPNs are initially transparent, they remain transparent after absorption of sig- 
nificant quantities of liquids. 

The nature of the crosslinking used in the formation of the matrix components of the SIPNs is such that it 
combines durability in the presence of the liquids encountered during use with compatibility toward the absor- 
bent component. The nature of the crosslinking should also be such that it does not interfere with pot-life and 
curing properties that are associated with commonly available methods of processing. More particularly 
crosslinking should be limited to the matrix component of the SIPN, and should not cause phase separation or 
other inhomogeneity in the SIPN. 

The present invention provides polymeric matrices which result in transparent compositions capable of pro- 
viding improved combinations of ink absorption and durability, while at the same time retaining transparency 
and being amenable to the types of processing commonly used in producing transparent graphical materials. 

Detailed Description 



The crossiinked portion of the SIPN will hereinafter be called the matrix component, and the liquid-absor- 
bent portion will hereinafter be called the absorbent component. 

The matrix component of the SIPN of the present invention uses crosslinkable polymers incorporating ter- 
tiary amino groups therein. Such tertiary amino groups can be provided as part of the monomeric units used 
in the formation of the polymer, or they can be grafted into the polymer after the formation of the polymeric back- 
bone. 

Crosslinking can be performed by means of multi-functional alkylating agents, each functional part of which 
forms a bond with a polymer chain through a tertiary amino group by quaternlzation of the trivalent nitrogen of 
the tertiary amino group. Difunctional alkylating agents are suitable for this purpose. In the case where the ter- 
tiary amino group Is pendant to the backbone of the chain, this crosslinking reaction Is depicted as follows: 

AAAA/CH\AAA 
> x- 

(I) 2(AAA/CH\AAAI„ + x-r' -x > R 2 -N f -R 3 

i' i« . . 

I | 

N r'-n'-R 2 

/ \' A« x- 

I 

/VV\/VCH\/\/\/\ 
(a) (b) (c) 

wherein Ri represents a group selected from substituted and unsubstituted alkyl, amide, or ester group, pref- 
erably having no more than 10 carbon atoms, more preferably no more than 5 carbon atoms, substituted and 
unsubstituted aryl group, preferably having no more than 14 carbon atoms, R2, Ra and R* independently rep- 
resent a group selected from the group consisting of substituted and unsubstituted alkyl groups, preferably hav- 



3 



EP0 482 836 A1 



10 



IS 



20 



25 



30 



ing no more than 10 carbon atoms, more preferably no more than 5 carbon atoms, and substituted and unsub- 
stituted aiyl groups, preferably having no more than 14 carbon atoms. Additionally, R* and can be connected 
to form the substituted or unsubstituted cydic structure -R2-R3-, and n represents a number preferably ranging 

from about 1 00 to about 600. The symbol /v\/\/ represents a plurality of unsubstituted or substituted 
-CH r groups linked together to form the backbone of the chain. 

Absorption of water or other hydrogen bonding liquids is enhanced if the substituents to R T , R*, R3 R», and 
the backbone itself include groups having hydrogen bonding capability, such as, for example, halides -COOH 
-CN, and -N0 2 . Additionally, Ri, R2, R3 R4 f and me backbone itself can include in their structures hydrogen 

bonding groups, such as -CO-, -S=0, -0-, -N^ , -S-, and ) P- « 

X'can be a halide, an alkyl sulfonate, preferably having no more than 5 carbon atoms, oranyaryl sulfonate, 
preferably having no more than 14 carbon atoms. 

Where water or other aqueous liquids are to be absorbed, a preferred hydrophilic matrix component can 
be obtained if R' is selected to be -(C=0)NH(R 7 )-, wherein R 7 represents a substituted or unsubstituted divalent 
alkyl group, preferably having no more than. 10 carbon atoms, more preferably no more than 5 carbon atoms. 
Preferred substituents for R 7 are those capable of hydrogen bonding, including -COOH, -CN, and -N0 2 . 

Additionally, R 7 can include in its structure hydrogen bonding groups, such as -CO-, -S=O f -O-, v N- , -S-, 
and )P-.. 

Crosslinkable polymers suitable for the matrix component wherein R 1 is -(OO)NH(R 7 )- can be prepared 
by treating polymers or copolymers containing maleic anhydride with an amine having the structure: 



R 2 



R 3 



\ 7 



wherein R*, R*. and R 7 are as described previously. 

A polymeric material particularly useful for this purpose is a copolymer of polymethyl vinyl ether and maleic 
anhydride, wherein these two monomeric units are present in approximately equimoiar amounts. This polymer 
reacts in the following manner 
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(d) («) 



OCH, 
I 



« > f ( CH 2 -CH* f CH CH ) 4 

I 



(f) 



n 

0«C C-O 

I I 
OH N 

/\, 
H R 



N 

R Z R J 



wherein R* R», R 7 , and n are as described previously. 

J 630 " 0 " <"> «*" be .^nienfy performed by dissolving the polymethyl vinyl ether/maleic anhydride 

copolymer (reactan (d)) ,n methyl ethyl ketone, dissolving the amine (reactant (e)) in an alcohol such « 

22? ^""TJIS*" ^ "° SOlUti ° nS - ThiS re8CUon pr0Ce6ds »!**•*«"■ tempere Jre wSh 

» 1 i^tsr* n ^ be9in to fo ™ a doudy suspension ' whi * Mn bs deared * 

tht. !li^"! ble f ° r ^'I" 6 (6) 8nd the ProdUGt (f) ln react,on <"> to be so,uble th * solvent medium of 
Inich ^1„T "if h S ^ en ; med ' um com P ris * P*«* methyl ethyl ketone, alcohol, and water, all of 
which are strongly hydrogen bonding, the incorporation of hydrogen bonding moieties into R*. R3 an d R 7 for 

°, QU - a ^ 0fP ? n '"I the S ' PN iS 8lS0 he,pful in pro,no,in 9 solubili * »» Plants in reaction (II) 
Sohibtty of amine (e) and product (0 in hydrogen bonding media is further enhanced by limiting the number 
of unsubstituted alkyl carbons in R*. Ri, and R7 to the lowest value practicable 

Crosshnkable polymers of the matrix component wherein Ri is -(C=0)-0-R 7 can be prepared by treabnq 
polymers or copolymers containing maleic anhydride with an amino alcohol having the structure: 



^ N— R* —OH, 

^2 ZSSSXSEZ 2£T ^ materia,, the reason pro- 
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OCH, R 2 
■ 3 \ 



(III) f{CH -CH-) (-CH CH>+ + N-r'-OH- 

/ \ / 

' 0-C OO R 



(d) (h) 

OCH. 
I 

•f (CH.-CHi (-CH CH)4 

II" 

o-c c=o 

I I 

OH O 
I 

N 

(i) 



wherein R 2 , R 3 , and R T are as described previously. 

Reaction (III) can be conveniently performed by dissolving polymer (d) in methyl ethyl ketone, dissolving 
compound (h) in a separate vessel in methyl ethyl ketone, and mixing the two solutions. This reaction proceeds 
rapidly at room temperature, with agitation. Reaction product (i) may form a cloudy suspension, which can be 
cleared by adding water to the mixture. 

Alkylating agents (reactant (b)) that have been fou nd useful forquaternlzatlon of the matrix component (pro- 
duct (f) of reaction (II) or product (I) or reaction (III)) Include: 



CH 2 I CH 2 Br 

c " !l_ b 



3 , 3-bis-( iodoraethyl )-oxetane a, a'-m-dibrorooxylene 

BrCH " CH,OH 



\/ 

C 

./ \ 



BrCH 2 CH 2 OH 
dibromoneopentyl glycol 



It has been discovered that the rate of the quaternization reaction can be greatly increased by the addition 
of an amide-containing polymer to the reaction solution. While polymerization and crosslinking reaction rates 
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can often be increased by the choice of particular solvents, such reaction rates are generally not accelerated 
by the presence of other polymers, particularly polymers that do not themselves become part of the polymerized 
or cross! inked product. 

While it is the primary function of the matrix component of the SI PN to impart physical integrity and durability 
5 to the SIPN, it is the primary function of the absorbent component to promote liquid absorbency. When aqueous 
liquids are to be absorbed, the absorbent component of the SIPN must be water absorbent, and preferably, 
water soluble. A particularly preferred class of water-soluble polymers Is the polyvinyl lactams, the most readily 
available and economically suitable of which Is polyvinyl pyrrolldone (PVP). Alternatively, non-cyclic, amide- 
containing, water-soluble polymers, such as polyethyl oxazoline, can comprise the absorbent component of 
70 the SIPN. 

When PVP is used as the absorbent component of the SIPN and polymer (f) is used as the matrix compo- 
nent of the SIPN, good absorption of aqueous inks is obtained at mom temperature rf the PVP comprises at 
least about 30% by weight of the SIPN, more preferably at least about 50% by weight of the SIPN. Higher 
absorption can be obtained, at the expense of durability, when PVP is present in greater amounts. When PVP 

is comprises more than about 80% of the SIPN, the matrix component is not able to form a complete network, 
and the entire composition loses Its physical integrity when washed with water. 

In cases where the SIPNs of the invention are to be used as liquid-receptive layers borne by solid subs- 
trates, as in transparent graphical materials, rt is convenient to apply such layers to the substrates by way of 
liquid solution coatings, which are subsequently dried to form a solid layer. A coatable liquid composition can 

20 be prepared by adding to the solution formed in reaction (II) or (III) a solution of an amide-containing, "water- 
soluble polymer, such as a polyvinyl lactam or polyethyl oxazoline, along with a suitable alkylating agent, and 
mixing until a uniform solution is obtained. This solution can then be coated onto a transparent substrate, such 
as, for example, a polymeric film, and dried. It has been found that the amount of heat required to accomplish 
the drying in a reasonable time is usually sufficient for causing crosslinking of the matrix component to occur. 

25 Coating can be conducted by any suitable means, such as a knife coater, rotogravure coater, reverse roll 
coater, or other conventional means, as would be apparent to one of ordinary skill in the art. Drying can be 
accomplished by means of heated air. If preferred, an adhesion promoting priming layer can be interposed be- 
tween the applied coating and the substrate. Such priming layers can include primer coatings or surface treat- 
ments such as corona treatment, or other appropriate treatment as would be apparent to one of ordinary skill 

30 in the art Adhesion of the SIPN layer can also be promoted by interposing a gelatin sublayer of the type used 
in photographic film backing between the priming layer and the SIPN layer. Film backings having both a priming 
layer and a gelatin sublayer are commercially available, and are frequently designated as primed and subbed 
film backings. 

Where the SIPNs of the present Invention are to be used to form the'lnk absorbing layers of films for use 
35 in ink-Jet printers, It Is preferred that the backing of the film have a caliper In the range of about 50 to about 125 
micrometers. Films having calipers below about 50 micrometers tend to be too fragile for graphic arts films, 
while films having calipers over about 125 micrometers tend to be too stiff for easy feeding through many of 
the imaging machines currently In use. Backing materials suitable for graphic arts films Include polyethylene 
terephthalate, cellulose acetates, polycarbonate, polyvinyl chloride, polystyrene, and polysulfone. 
40 When the SIPNs of the present invention are to be used to form ink absorbing layers of films for Inkjet 

printing, the SIPN layer may further be overcoated with an ink-permeable anti-tack protective layer, such as, 
forexampie, a layer comprising polyvinyl alcohol in which starch particles have been dispersed, or a semi-inter- 
penetrating polymer network in which polyvinyl alcohol is the absorbent component A further function of such 
overcoat layers is to provide surface properties which help to properly control the spread of ink droplets so as 
45 to optimize image quality. 

In order to more fully illustrate the various embodiments of the present invention, the following non-limiting 
examples are provided. 

Example I 

so 

A solution of matrix compone nt of the present inve ntion was prepared by first d issol ving 1 .3 g of a copolymer 
of methyl vinyl ether and maleic anhydride ("Gantrez" AN-169, available from GAF Chemicals Corporation) in 
24.6 g of methyl ethyl ketone. In a separate vessel, 1.3 g of aminopropyl morpholine (available from Aldrich 
Chemical Company, Inc.) were dissolved in 11.6 g of methanol. The previously prepared solution of copolymer 
55 was then added, dropwise, to the aminopropyl morpholine/methanol solution, after which 36.6 g of distilled 
water were added to the resulting combined solutions. The resulting solution will hereinafter be called matrix 
component Solution A 

In yet another vessel, 2.5 g of polyvinyl pyrrolidone (K90, available from GAF Chemicals Corporation) were 
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dissolved in 22.1 g of distilled water. This solution was then added to matrix component Solution A and agitated 
until a uniform solution was obtained, The resulting solution, hereinafter called blend Solution A, was then 
divided into 5 samples of 20.0 g each. 

The dihalo compound 3,3-bis-(iodomethyl)-oxetane was prepared according to the procedure described 
in Sorenson, W.R., and Campbell, T.W., Preparative Methods of Polymer Chemistry. 2nd Edition. New York, 
Interscience Publishers, Inc., 1 968, p. 376, incorporated herein by reference. A solution of 1 0 parte by weight 
of this compound and 90 parts by weight of dimethyl foimamlde (DMF) was prepared for use as an alkylating 
agent for crossllnklng the matrix component 

Crosslinkable solutions according to the present invention were prepared by adding 0.35 g of the 3,3-bis- 
flodomethyl)-oxetane/DMF solution to one of the 20.0 g samples of blend Solution A, 0.70 g of the 3,3-bls-(lo- 
domethy1)^oxetane/DMF solution to a second 20.0 g sample of blend Solution A, and 1.4 g of the 
3,3-bis-(iodorrathyl)-oxetane/DMF solution to a third 20.0 g sample of blend Solution A. 

These solutions were each coated onto a backing of polyethylene terephthalate film having a caliper of 
100 micrometers which had been primed with polyvinylidene chloride, over which had been coated a gelatin 
sublayer of the type used in photographic films for improving gelatin adhesion ("Scotchpar" Type PH primed 
and subbed film, available from Minnesota Mining and Manufacturing Company). Coating was carried out by 
means of a knife coater, with the wet thickness of the solution coated onto the film being 75 micrometers. Drying 
was carried out by exposure to circulating heated air at a temperature of 90°C for five minutes. 

After drying, all three of the solutions resulted in dear SIPN layers which retained their physical integrity 
when washed with a moving stream of water at room temperature. Exposure to water in selected areas resulted 
in detectable water absorption, as indicated by swelling of the SIPN layer. Swelling of the SIPN layer was detec- 
ted by the bump which oould be felt by running a finger over the surface of the coated film in such a way as to 
pass from the portion of the layer not exposed to water to the portion that was exposed to water. Because the 
amount of crosslinking agent used could be varied over a wide range without failure of crosslinklng and without 
loss of hydrophilicity, it can be concluded that this type of crosslinking is sufficiently tolerant of variability to be 
useful in a manufacturing process. 

Example II 

A solution of 1 0.0 parts by weight of a,a'-m-dibromoxylene (available from Aldrich Chemical Company Inc ) 
dissolved in 90.0 parts by weight of dimethyl formamide was prepared for use as an alkylating agent for 
crosslinking of the matrix component of blend Solution A prepared in Example I. This solution was added in 
the amount of 0.5 g, to one of the 20.0 g samples of blend Solution A prepared in Example I. The resulting 
solution was coated, to a wet thickness of 75 micrometers, onto a sheet of the primed and subbed polyethylene 
terephthalate film of the type described In Example I. As In Example l t drying was carried out by exposure to 
circulating heated air at a temperature of 90°C forfive minutes. The resulting coating retained its physical integ- 
rity when washed with a moving stream of water at room temperature, and was hydrophlllc, as indicated by 
increased thickness in the selected areas exposed to water. 

This example indicates that the dihalo compound a,a'-m-dibromoxylene is a suitable alkylating agent for 
crosslinking of the matrix component in the formation of hydrophillc SIPNs of the present invention. 

Example III 

Asolution of 10.0 parts by weightof dibromoneopentyl glycol (available from The DowChemical Company) 
dissolved in 90.0 parts by weight of dimethyl fonnamide was prepared. This solution was added, in the amount 
of 0.4 g, to one of the 20.0 g samples of blend Solution A prepared in Example I. The resulting solution was 
coated by means of a knife coater, onto a sheet of the 'Scotchpar" Type PH primed and subbed film of the 
type descnbed in Example I. to a wet thickness of 75 micrometers, and dried by exposure to circulating air at 
a temperature of 90«C for five minutes. The resulting coating did not retain its physical integrity when washed 
with running water at room temperature, but dissolved and washed away readily. A second sample was prep- 
ared in the same menner as the first, except that drying temperature was increased to 125°C for five minutes 
This coating did retain its physical integrity when washed with running water, and was hydrophilic. as indicated 
by swelling of the coated layer in selected areas exposed to water. 

This example shows that not all dihalo alkylating agents crosslink at equal rates, and that some may require 
55 more favorable reaction conditions, such as a higher drying temperature. 
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Comparative Example A 



am tl ■? °. I 9 ° f 3 C0 P°'y mer «* ™%« vinyl ether copolymerized with maleic anhydride ("Gantrez" 
AN-169, available from GAF Chemicals Corporation) dissolved in 19.0 g of methyl ethyl ketone was prepared 
In a separate vessel, 0.9 g of aminopropyl morpholine was dissolved in 10.0 g of methanol. The 20 0 g of the 
h T« n AN ' < l 69) f 01 " 1 ' 0 ". add6d t0 *• amin °P re Py' morpholine/methanol solution, followed 

IT H£ < L ? * ™*Z t0 the mlX,Ure - A C,0udy preclp,tate fonned ' *** subsequently dissolved 
after addition of the water, resulting In a clear solution. To this solution was added 0.5 g of 3.3-bls-(lodome- 

d!£*£tal PrePar6d M deSOfibed in ^P' 6 which was disDere ed in the solution by agitation, leaving a 
This solution was coated onto a sheet of primed and subbed polyethylene terephthalate film of the type 
described in Example I. Coating was carried out by means of a #20 Mayer rod. followed by drvina at a tem- 
perature of 90'C for five minutes. The resulting dried layer was hazy and dissolved readily in a moving stream 
of water at room temperature. y 

This example is simiar to Example I, except that the polyvinyl pyrrolidone was not present While the 
oossl.nkable polymer was very similar to the matrix component in Example I, (he alkylating agent (3 3-bis-fio- 
domethyl)-oxetane) was the same one used in Example I, and the reaction conditions (90»C for five' minutes) 
were the same as in Example I. a clear, water-insoiuble coadng was not formed. It can therefore be concluded 
that polyvinyl pyrrolidone plays an essential role in the crosslinking reaction of this example. 

Example IV 

n hn.fnfl Uti °, n ? a J 0S ? 1 !? lffl I . bl l ma ^ X component was P re P ared ^ first dissolving 0.9 g of aminopropyl mor- 
"n ^ ^ nCh ChemiCa ' C0mpany - lna > ''" 1 0 0 9 ° f methand at temperature In Z *Z- 
T ™t i. 9 S of Po'^athyl vinyl ether and maleic anhydride TGantrez" AN-169 available 

from GAF Chemicals Corporation) was dissolved in 1 9.0 g of methyl ethyl ketone. The res^ng cZ'S sot 

27" 1 ' l n lt ,h 15 -° 9 ° f d,SM,ed Water ' 10 * e ami "°P™Py' morpholine/methanol sduZ To SiL 
solution was then added 0.5 g of S.S-bis-tfodomethyD-oxetane. prepared as described in Example I The esuK 
mg solution will hereinafter be called crosslinkaWe matrix component Solution B 

In a separate vessel, an absorbent component for the SIPN was prepared by dissolving 1 0 q of oolvsthvl 
online (PEOX. High Molecular Weight Grade, available from The Dow Chem.il Company) h1^ O^S 

^ temp8ratUr !- ™ S «**" was the " to crosslinkable matrix comment B,l" act 
tated at room temperature, untl a dear solution was obtained 9 

in JlL^r T °° ated °? tte Prfmed 3nd SUbbed f»\yeWene terephthalate film of the type described 
iinSS 1- v 3 *™*"*** * means °< * * 2 ° rod. and drying was conducted by means* 

emulating a.rat a temperature of 90-c. forfive minutes. The haze of the resulting SIPN layer was too hiqh for 
use in overhead projection. The layer can be used In cases wherein viewing Is performed In ~££S£ 

Z as r l a r; TV T COal,n9 W3S hydr0ph " IC bUt reta,ned '* p ^ tea ' 'ntegChe?s?bS 
to a stream of water at room temperature. This example illustrates that SIPN layers prepared according to the 
present invention can exhibit a range of haze levels, some of which are suitable for use in applicaSwhere 
images can be viewed in a projection mode. PF'iwtuons wnere 

Example V 

A solution of a matrix component suitable for the present invention was prepared by first dissolvina 1 0 a 
of a copolymer of methyl vinyl ether and maleic anhydride ("Gantrez" AN-169. available from gTf Chem ca .s 
SSS^" h ^ Bthyl ket ° ne - 3 S6parate VeSS °'- 083 9 ^imetltfamino^ 

^GanZ. AM So?T^ C °T* ' na) W3S diSSO,Ved in 16 - 6 9 ° f meth y' e *y" ketone. The coXmer 
{ Ganb-ez AN- 169 ) solubon was then added to the 3-dimethylamino-1-propanol/methyl ethyl ketone solution 
and stirred for 30 minutes, initially, small globular particles formed, whicn. ^S^eZn^Ta 
s^uny In a separate vessel, 1.8 g of polyvinyl pyrrolidone (K90. available Irom GAF Chem^orporaton) 
ww dissolved in 16.5 g of distilled water. This solution was added, along with 10.0 g of methanol a^STo 2 

£S?22S to h the sl r • 7116 was stirred for about 60 hours - iup °" £££££££1 

a dear sdution, hereinafter called blend Solution C. 

A 20.0 g sample of blend Solution C was placed in a separate vessel, and 0.45 g of 3,3-bis-(iodomethvn- 
oxetane. prepared as described in Example I. was added. This mixture was agitated unHI .KZZSS 

the type described .n Example I by means of a #20 Mayer rod. and dried for five minutes with circulating aTr at 
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iTT^m 1 T°- ^ re8Ul,in9 S ' PN ' ayer W8S C,ear • and retaine<1 ite P^' 031 in,e 9 rit y when washed 
with a stream of water at room temperature. 

A second 20 0 g sample of blend Solution C was placed in a separate vessel, and 0.025 g of a,a'.p-dichlo- 

roxykme was added. This mixture was agitated until a homogeneous solution was obtained. This solution was 

coated onto the pnmed and subbed polyethylene terephthalate backing described in Example I by means of a 

#20 Mayer rod and dned forfive minutes with circulating air at a temperature of 90X. The resulting SIPN laver 

8 lc " and retalned 1,8 phys,cal ,nte9rity Wh,n subJected to a stream of water at room tem * 

Examples VI to VII and Comparative Examples B and C 

The following examples illustrate the use of water-swellable, but not water-soluble, polymers in the for- 
mation of water-absorbing semi-interpenetrating polymeric networks. 

Example VI 

? nn^t1 , ^rH i0nal ^i^'Weneamine based on predominantly propylene oxide (0.6 g. •Jeffamine' M- 
J^llTJl? ?l „° } dissolved in 5 » of aceto "«- ^ "Won was added to 5 g of a 10% solunon 

A second solution was prepared by adding a solution of 0.75 g of a monofunctional polyoxyalkyleneamine 

^M^T^V* ° XWe ( " Jeffam, ' ne " M - 2070 ' TeXa °° ChemicaI C ° ) ToTac^one to 5 g 
of a 10% solution of maleic anhydride/methyl vinyl ether copolymer r/Gantrez' AN-1 39 GAF cSSSrcW 
pomtion) in methyl ethy, ketone. The mixture was stirred fori sSuL a^en^siTof 0 0^ of « 

was added. After the solution stood for 15 minutes. 5 g of water was added thereto 

The two solutions were combined and then 0.1 g of 3,3-bte-(iodomethyl)-oxetane crosslinking agent was 
dissolved ,n the combined solution. N-methyl pyrrolidone (10 g) was added to the mbcture TmlZiSZ 
separate as the solution was dried down to form a fim. Without it. as the more volatile oZl Svent beoln 

rsTCati~ beMmM ^ erin ^ te ^ 

. ate ^h 1 ^ 00 ?" 1 "!? t i e I crossl,nWn 9 a 9 entwa * onto primed and subbed polyethylene terephtha- 
late film of the type described In Example I at a wet thickness of 125 micrometers, andlhe citing waTdried 

SSTS^d^^TT 3 «y h-y^which. whenX JS * 

water, swelled but did not dissolve. In the water-swollen state, the film was quite hazy. 

Comparative Example B 

^ir" 8 ^ 8 ° f E3 T f !t Vl WaS repeated ' with me exca P«°" th* the 3.3-bis(iodomethyl)^xet a ne 
cross nking agent was omitted from the formulation. A coating of this material was clear and also dfd not Tsl 

fS^i ren ° e , 1 th . 8 d6flree * SWe " in9 betWBen the fi,m of thte e **"P<° was much less S 
the ""linked P"'/™' was water-soluble. Polymeric films incorporating water-soS 
resins swell to a much greater degree than do water-swellable resins. 

Example VII 

m ^!T? ymer ^ n9 - ti u 9 * 85 PartS by Wei9ht ° f me,hyl ^acrylate. 15 parts by weight of hydroxyethvl 
methacrylate and 5 parts by weight of acrylicacid was dissolved in ambrturewnteining 14%^^ 

M-ris^ 

oof lirn^SSo * . 17,16 mDrtUre W3S fitifTed f0r 15 minutes : th en a solution containing 0 1 
? 0 1^T ^ Pr0Pane a " d °- 1 9 01 ^ethylaminoethanol dissolved In 5 g of acetone was aaded 
tothem K ture.Afterthem 1 xturewasstirredfor30minutes.3gc rf metharK,.and20gofwLrwe 
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Finally, 0.1 g of 3,3-bis-(iodomethyl)-oxetane crosslinking agent was added to the solution and allowed to dis- 
solve. Six (6) g oT this solution was mixed with 4 g of a 10% solution of polyvinylpyrrolidone in a solution of 
methanol (50%) and methyl acetate (50%). To this solution was added 2 g of the 10% terpolymer solution des- 
cribed previously. N-methyl pyrroiidone (2 g) was added to the solution, which was then coated at a wet thick- 
ness of 125 micrometers onto primed and subbed polyethylene terephthalate film of the type described in 
Example I. The mixture was dried for 10 minutes at a temperature of 95°C, giving a dear film which swelled 
with water when immersed In a water bath, but did not dissolve or delamlnate from the polyester film. 

Comparative Example C 

A solution was prepared by mixing 6 g of the solution of Example VII that contained the 3,3-bis-(iodome- 
thyl)-oxBtane with 6 g of the 10% solution of polyvinyl pyrroiidone in the methanol/methyl acetate solvent N- 
methyl pyrroiidone (2 g) was added, and the mixture was coated at a wet thickness of 125 micrometers onto 
primed and subbed polyethylene terephthalate film of the type described in Example I. The mixture was dried 
for 10 minutes at a temperature of 95°C to give a dear film. When this film was immersed in a water bath, it 
swelled to a much greater degree than did the corresponding film containing the water-insoluble terpolymer! It 
did not dissolve or delaminate from the polyester film. 

Examples VI and VII show that the interpenetrating polymeric networks can be foimed with polymers that 
are water-swellable but not water-soluble. In these cases, it is necessary to apply the coatings from non- 
aqueous solvents (or at leastfrom mixtures of organic solvents and water). The presence of the water-insoluble 
polymer will usually improve the durability of the polymeric film in the water-swollen state, but at the expense 
of the level of water absorption capability that can be achieved. 

Various modifications and alterations of this invention will become apparent to those skilled in the art with- 
out departing from the scope and spirit of this invention, and it should be understood that this invention is not 
to be unduly limited to the illustrative embodiments set forth herein. 



Claims 

1. A liquid-absorbent composition comprising (a) a polymeric matrix component comprising crosslinked ter- 
tiary amino moieties, and (b) a liquid-absorbent component comprising a water-absorbent polymer. 

2. The composition of Claim 1 , wherein said water-absorbent polymer is water-soluble. 

3. The composition of Claim 1 , wherein said water-absorbent polymer is water-swellable. 

4. The composition of Claim 1 , wherein said tertiary amino moieties are located In pendant side groups of 
said matrix component. 

5. The composition of Claim 1 , wherein said tertiary amino moieties are crosslinked by an alkylating agent. 

6. The composition of Claim 5, wherein said alkylating agent is selected from the group consisting of dihalides 
and disulfonates. 

7. The composition of Cleim 6, wherein said alkylating agent is selected from the group consisting of 3,3- 
bis-(iodomethyl)-oxetane, cca'-m-dibromoxylene, and dibromoneopentyl glycol. 

8. The composition of Claim 1, wherein amide groups are present in said water-absorbent polymer. 

9. The composition of Claim 2, wherein said water-soluble polymer contains vinyl lactam groups. 

10. The composition of Claim 9, wherein said vinyl lactam is polyvinyl pyrroiidone. 

11. The composition of Claim 1 , wherein said matrix polymer has the stnjcture; 
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OCH, 
I 

f(CH.-CBj f-CH CH)4 

I I 
0=C C»0 

I I 
OH N 

H R 
I 

N 

V 

wherein R 2 and R» independently represent a group selected from the group consisting of substituted and 
unsubstituted alkyt groups having up to 10 carbon atoms, and substituted and unsubstituted aryt groups 
having up to 14 carbon atoms, or R 2 and R 3 can be connected to form the substituted or unsubstituted 
cyclic structure -RS-R 3 -. R 7 represents a substituted or unsubstituted divalent alkyl group having up to 10 
carbons, and n represents a number from about 100 to about 600. 

12. The composition of Claim 1 , wherein said matrix polymer has the structure: 

OCH. 

I 

4- { CH. -CH-} KH CH ) 4 

II 
O-C C-0 

II 

HO N 

/ \ 
H (CH,), 

I 

/\ 

CH, CH, 

I I 
CH, CH, 

where n represents a number from about 100 to about 600. 

13. The composition of Claim 1, wherein said matrix polymer has the structure: 

OCH. 
I 

HCH.-CH-) (-CH CH)4 

I I n 

O-C C-0 

II 

OH 0 

i* 

I 

N 

1\> 



wherein R* and R 3 Independently represent a group selected from the group consisting of substituted and 
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unsubstituted alkyl groups having up to 10 carbon atoms, and substituted and unsubstituted ary) groups 
having up to 14 carbon atoms, or R 2 and F? can be connected to form the substituted or unsubstituted 
cyclic structure -R2-R3-, and R 7 represents a substituted or unsubstituted divalent alkyl group having up 
to 10 carbon atoms, and n represents a number from about 100 to about 600. 

14. The composition of Claim 13. wherein said matrix polymer has the structure: 

OCH. 
I 

•KCH,-CH-) (-CH CH)4 

II" 

o-c oo 

I I 

HO O 

I 

(CH.) 
I 

CH 3 CH 3 
where n represents a number from about 100 to about 600. 

15. The composition of Claim 1 , wherein said matrix component is produced by reacting a copolymer contain- 
ing maleic anhydride with an amine selected from the group consisting of compounds having the struc- 
tures: 



*l R 2 



N-R 7 -NH and ^N-R 7 -OH 

wherein R* and R 3 represent members independently selected from the group consisting of substituted 
and unsubstituted alkyl groups having up to 10 carbon atoms, substituted and unsubstituted ester groups 
having up to 1 0 carbon atoms, and substituted and unsubstituted aryl groups having up to 14 carbon atoms 
W represents a substituted or unsubstituted divalent alkyl group having up to 10 carbon atoms, wherein 
sakt substftuents are selected from the group consisting of halides, -COOH, -CN, and -NO z . 

16. The composition of claim 15. wherein said R2. R», and R 7 further contain moieties selected from the srouo 
consisting of -CO-. -O-, and -S=0. 

17. The composition of either of claims 15 and 16 wherein said amino, alkyl. and ester groups have up to 5 
carbon atoms. 

18. The composition of any one of claims 15 to 17, wherein R 2 and R 3 are connected to form a ring structure. 

19. The composition of any one of claims 1 to 18. wherein said crosslinks* polymer comprises at least 20% 
by weight of the composition. 

20. The composition according to any of one claims 1 to 19 further including a crosslinking agent. 

21 A transparent film comprising a transparent backing bearing on at least one major surface thereof a layer 
formed from the composition of any one of claims 1 to 20. 

22. A film according to dalm 21, wherein said layer is further overcoated with an Ink-permeable antltack pro- 
tective layer. 
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